Study objective: to investigate the relationship between alcohol consumption and pregnancy outcome.
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Consequently, alcohol quantification methods were sometimes poor, and usually the type of beverage was not specified, with very little information on diet and insufficient consideration of confounding variables such as socio-economic status, smoking or other substance abuse. '-16 27 28 Several animal models for fetal alcohol syndrome have been developed. There is general agreement that high doses of ethanol given to pregnant animals produce toxic fetal effects. These are not found with low alcohol doses, suggesting a threshold effect. [32] [33] [34] [35] [36] The aim of this paper, therefore, was to determine those methodological factors that might bias any of the described effects of light to moderate maternal drinking on pregnancy outcome. An added impetus for this study was the significant public concern about the increasing use of alcohol by young women ofchild bearing age in this country.37
Methods

SUBJECTS
Subjects for this study were 2002 pregnant women attending the public antenatal clinic of the main maternity hospital in Western Australia. The women were selected randomly between January 1982 and December 1984 at their first antenatal visit for that particular pregnancy. The majority of women (58%) were in the first trimester of their pregnancy at recruitment, 33% were in the second and 8% were in their third trimester. We compared our sample with a variety of demographic population characteristics provided by the Australian Bureau of Statistics. The sample contains a higher proportion of single mothers than is typical of the Australian population but otherwise it is indistinguishable from the population of child bearing women in Western Australia in 1981.38 QUESTIONNAIRE The questionnaire was of broad scope and consisted of items assessing demographic characteristics, prepregnancy weight and height, and details of previous pregnancies, as well as levels of smoking, consumption of coffee, soft drinks, beer, wine and spirits. Questions on beverages took the form necessary to derive scores on levels ofabsolute alcohol (AA) consumption per day39 and could also be used to derive Calahan's quantitative frequenc-volume (QFV) and volume variability (VV) scores. Women were asked how frequently they drank each category of beverage using forced choice questions with response categories ranging from "never" to "three or more times per day". They were also asked how often they drank each ofthe quantities "5 or more", "3 or 4" or "1 or 2" glasses. Daily levels of absolute alcohol Ian Walpole, Stephen Zubrick, and Jacqueline Pontre were derived according to the procedure of Jessor et al.39 Questions on smoking required the women to report how many cigarettes per day they smoked and which brand they usually smoked. Daily intakes of nicotine and tar were then calculated. There were further questions on dietary habits, appetite, number of meals per day, main food items consumed, and frequency and method of cooking. From this information it was possible to derive scores measuring intake of folate and other nutrients.
Medication usage was assessed and medications were divided into major groups. These were: nonnarcotic analgesics; hypnotics and sedatives; indigestion and constipation medications; antibiotics; iron, vitamins and tonics; and nausea control medications.
PROCEDURE
The questionnaire briefly introduced the aim and purposes of the study without specifically calling attention to alcohol use, and informed the respondents that all answers given were confidential. No verbal direction on how to complete the questionnaire was given, but a study researcher was available to answer questions if necessary and check that forms had been completed. The questionnaire took between twenty and thirty minutes to complete.
The reliability of answers to the smoking and drinking items was assessed by sampling 50 mothers and retesting them within [4] [5] [6] weeks of the original questionnaire. Test-retest reliability (repeatability) coefficients were 0-85 and 0-87 respectively on drinking and smoking items and were deemed acceptable.
IDENTIFICATION OF GROUPS
Complete clinical and behavioural follow up of mother-baby pairs was intended but with available resources this meant limiting the follow up sample while still ensuring a range of alcohol consumption. Thus from the initial sample of 2002, a subsample of 665 pregnant women, stratified on level of alcohol intake, was drawn. Stratified sampling ensured that the sample included a wide spectrum of drinkers.
Mothers were selected for follow up during confinement and postpartum on the basis of alcohol intake prior to pregnancy rather than during pregnancy or a combination of the two measures. This deliberate decision was based on a number of factors including the often reported decline in maternal alcohol intake during pregnancy,69 41 as was later demonstrated in this study.
In the cohort of 665 pregnant women selected for study, 60 had subsequent outcomes of miscarriage (n = 42), still birth (n = 12) or neonatal death (n = 6).
Confounding variables in pregnancy alcohol consumption
Based on alcohol intake, the 665 mother-infant pairs were divided into three groups. Group I (n = 308) consisted of women who reported drinking less than 2 8 ml (0 1 oz) of absolute alcohol daily. This group included those who reported no alcohol intake. Group II (n = 265) consisted of mothers whose alcohol intake was recorded as between 2-8 and 27-9 ml of absolute alcohol daily (0-1 -099 oz); and Group III (n = 92) consisted of those whose alcohol intake was recorded as 28 ml (1 oz Significant.ly more of those followed up were married as opposed to single (X2 = 22-45; df = 3; p<0-001).
Otherwise there were no significant differences in maternal height, weight, age, educational level, number of previous pregnancies, rate of cigarette smoking and ethnicity for those chosen for follow up and those not chosen. In addition there were no significant differences in the level of alcohol consumption both before and during pregnancy for the mothers of children followed versus those not followed.
Overall we were satisfied that our sampling procedure yielded a follow up group that was representative of the population of women presenting at a major metropolitan maternity hospital.
CHARACTERISTICS OF LIGHT, MODERATE, AND HEAVY DRINKING WOMEN Table 1 shows the characteristics of women identified as light, moderate and heavy drinkers before pregnancy. Categorical data were compared using x2 tests. Analysis of variance (ANOVA) was used for interval level data.
Demographic factors-Moderate and heavy drinkers
were significantly more likely to be single, divorced or separated and out of the work force. They were more likely to be living alone or with a boyfriend. Light to moderate drinking was more prevalent in white Australians, while women of European extraction were more likely to be heavier drinkers. Moderate to heavy drinking was significantly associated with higher educational levels. There were no significant differences in parity among the three groups.
Physical characteristics-Moderate and heavy drinkers were taller than light drinkers, but there were no significant differences in mean weight among the three groups. Moderate and heavy drinkers were significantly older than light drinkers.
Diet and smoking-Analysis of variance revealed no significant differences in mean folate scores among the three drinking groups either before or during pregnancy. Moderate and heavier drinkers were significantly more likely to smoke before pregnancy (50% and 65-2%) than were light drinkers (36-6%). All groups were more likely to reduce their smoking during pregnancy, but as table I shows, the positive association between smoking and alcohol consumption remained.
Medication-We studied the frequency distributions of reported medication by aggregating data under the major group headings, as well as examining the frequency distributions of the subgroups. These distributions took into account the type of medication taken as well as the frequency of usage. Those women who had stillbirths or spontaneous abortions had a significantly higher mean number of pregnancies compared to women with livebirths (x = 2-7 v x = 2-2; t240 = -2 40, p < 0-01). They were significantly more likely to be in single or de facto relationships than women whose babies were born alive (X2 = 18X4; df = 5, p<0-01).
We studied the cigarette and alcohol use in both groups of women for their reported consumption before and during their pregnancy. There was no significant difference in mean cigarette and mean absolute alcohol consumption before and during pregnancy in women who had spontaneous abortion or stillbirths versus those with livebirths (t test comparison). However, in terms of the pattern of alcohol consumption, we showed in table 2 that women who miscarried drank significantly higher volumes of beer (absolute alcohol intake from beer = 7ml per day) than those with live births (3ml) or stillbirth (3ml).
Finally, of the six neonatal deaths, three were males and three were females. Four of these deaths resulted from sequelae of extreme prematurity in infants born at 20, 21, 23 and 26 weeks gestation. Of the remaining two deaths, one was due to a group B streptococcal infection, and the other to hydranencephaly.
Discussion
Of the many epidemiological studies of the effects of maternal drinking on fetal outcome, most do not describe their population broadly or compare it with the general population, so that selected cohorts may be biased. The Seattle study of Streissguth et al43 iS perhaps an exception, being based on a "non-selected" hospital population (which nonetheless was predominantly white, married and middle class). It was the aim of this present study to look at a cohort which was representative of the moderate social drinking group which comprises the majority of the obstetric population. The aim was achieved with the exception of slight overrepresentation of married mothers.
CHARACTERISTICS OF LIGHT, MODERATE AND HEAVY
DRINKING WOMEN Detailed analysis of the many possible confounding factors in the different alcohol groups is mandatory in attempting to assess a maternal alcohol effect on the fetus. These factors were considered in the study cohort in terms of maternal demographic characteristics, physical characteristics and nutrition, smoking and drug abuse, and type of beverage consumed.
Demographic characteristics-Moderate and heavy drinkers in our sample were more likely to be single, divorced or separated than their lighter drinking peers. This finding is consistent with other studies which also found that alcohol abusing patients were more likely to have been married in the past but less likely to be married during the index pregnancy.8 9 36 
Confounding variables in pregnancy alcohol consumption
There was a significant trend for those individuals in the regular workforce and with higher education also to be the heavier drinkers, which is contrary to the findings of several other studies.8 2744 In a French study of 18 275 pregnant mothers, those who drank more than 400 ml of wine per day were characteristically of lower socio-economic status and not in the work force.8 Conversely, in a British cohort of 1256 randomly selected pregnant women, it was found that those who drank most heavily were from social classes I and II.28 Similarly in another London study, twice as many women in class I and 11 (28%) were relatively heavy drinkers as in classes III-V (14%).15 These differences probably reflect important cultural and social characteristics which influence drinking patterns within populations.
Physical characteristics and nutrition-In this study considerable effort went to obtaining details of the maternal diet and its adequacy, and the generation of the folate intake score. It was therefore a very important negative finding that, in general, diets were highly satisfactory throughout the three alcohol groups, and there was no significant difference in mean folate scores for these groups. Similarly, there were no significant maternal weight differences between the groups of mothers.
It is well known that maternal weight prior to and during pregnancy is significantly related to fetal outcome. Women who begin pregnancy with a weight which is equal to or less than 10% below the standard for height are at greater risk for perinatal mortality and, according to some studies, for intrauterine growth retardation. Increased parity has been associated with heavier alcohol intake and increased risk of fetal alcohol syndrome in a number of studies. Later born children of alcoholics are usually more seriously affected than their older siblings.36 No differences in parity were observed between the three alcohol groups in this study.
Smoking and drug abuse-That heavier drinkers were significantly more likely to smoke is a finding uniformly consistent with all studies. Similarly, all groups were significantly more likely to reduce their smoking during pregnancy.4 41 43 Both alcohol use and smoking have been shown to have an effect on birth weight.6 8 9 15 Pregnant heavy drinkers are also more likely than other women to use marihuana (42-9% versus 14%), sedatives, barbiturates, tranquillisers (13 9% versus 2%) and heroin (1 3% versus 0.4%).6 In one study alcoholics were four times more likely to be narcotic users although the percentage use among alcoholics was relatively low.
In our population, rates of drug taking, even of prescribed medications (with the exception of the analgesic and antinausea groups), were generally so low as to be of little statistical significance. In the analgesic and antinausea groups there was no significant association with the alcohol intake groups.
STILLBIRTHS AND SPONTANEOUS ABORTIONS
In this study, the 55 women who had stillbirths or spontaneous abortions drank significantly higher quantities ofbeer, although their overall total absolute alcohol levels were not different from those with livebirths. Moderate and heavy maternal drinking before and during pregnancy has previously been associated with increased spontaneous abortion rates.9-ll A case-control study ofwomen who aborted spontaneously and women who delivered after at least 28 weeks gestation showed that even moderate consumption of alcohol during pregnancy is a risk factor for spontaneous abortion."I However in the light of our findings the reported differences in spontaneous abortion may not be due to beer consumption but instead reflect other maternal characteristics or variables such as smoking.
BEVERAGE
Of major interest in this study is the finding that alcohol intake may well be better characterised by analysis of the type of beverage consumed rather than simple absolute alcohol intake. The heavy beer drinker was more likely to smoke more than one pack of cigarettes a day than the wine drinker. Beer and wine drinkers were likely to be of different ethnic origins, marital status, and levels of education and employment (and therefore social class). All these factors have important and different associations with alcohol related disease and fetal outcomes and therefore the relative risks within beverage groups might be expected to be different.
The above observation is important because there have been previous reports, though scant, to suggest that there are differences in perinatal outcome according to preferred beverage. Kuzma et al,29 in a study of 5093 maternal-infant pairs, showed that the frequency of beer drinking, with wine drinking, spirits 160 drinking and other variables, contributed independently to a reduction in intrauterine growth, as measured by birthweight adjusted for gestational age. The study also found that wine and spirits drinking, when considered separately, correlated positively with infant birthweight, in contrast to the negative correlation found with beer drinking.
A population based study of 952 Dundee primigravidas indicated that, on analysis by beverage, mothers drinking beer heavily during the first 4 months ofpregnancy had babies ofshorter gestational age, lower Apgar scores at 5 minutes and reduced head circumference. Consumption of wine and spirits did not have the same adverse outcome. The authors urged cautious interpretation of the results because of the small number ofmothers involved who were heavy beer drinkers. 3' In a French study of 9236 pregnancies followed through to delivery, birthweight was significantly reduced and the proportion of small for gestational age infants was significantly increased in a subgroup of 158 women who were heavy beer drinkers compared to women who did not drink heavily. Heavy beer drinkers also had an extremely high rate of stillbirths.8
Kuzma et al 29 suggested that beer drinkers, particularly those with chronic alcoholic problems, were more likely to have nutritional deficiencies (for example of zinc) or to be subject to toxic components of beer. This study supports his hypothesis that beer drinkers may have distinctly different demographic, socio-economic and/or medical/obstetric risks from women who drink mainly spirits or wine.
CONCLUSIONS
This paper reports and comments on the methodology used in a large prospective study of lifestyle variables (including alcohol intake) of a representative sample of a population of pregnant women and details a number of important characteristics related to level of alcohol intake. The most important results were that there were consistent differences in lifestyle and demographic variables for beer, wine and spirits drinkers and that beer drinking women had a poorer pregnancy outcome. A detailed assessment of nutrition showed no significant differences between the prepregnancy alcohol intake of the groups in the study. Our next step will be to analyse the birth outcomes ofthis sample, allowing for these differences to ensure unbiased interpretation. 
